SPECIFICATION 



TO ALL WHOM IT MAY CONCERN: 

BE IT KNOWN THAT WE, MASAAKI ISHIDA, a citizen 
of Japan residing at Kanagawa, Japan, YASUHIRO NIHEI , 
a citizen of Japan residing at Kanagawa, Japan, 
ATSUFUMI OMORI , a citizen of Japan residing at Kanagawa, 
Japan and DAN OZASA, a citizen of Japan residing at 
Kanagawa, Japan have invented certain new and useful 
improvements in 

LASER MODULATING AND DRIVING DEVICE AND IMAGE 
REPRODUCING APPARATUS USING THE SAME 

of which the following is a specification:- 
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BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention generally relates to a 

5 laser driving technique used in an image reproducing 
apparatus, and more particularly, to a laser 
modulating and driving device that produces a pair of 
small swing differential modulation signals to drive 
a laser diode (LD) used as a light source in an image 
10 reproducing apparatus. 

2 . Description of Related Art 

In general, a semiconductor laser (LD) or a 
semiconductor laser array (LD array) is used as a 

15 light source of image reproducing apparatuses, 

including laser printers, optical recorder /player s , 
digital photocopying machines , and optical 
communication apparatuses . 

There are several methods for modulating the 

20 optical output of a semiconductor laser. For instance, 
power modulation for modulating the light quantity 
itself, pulse width modulation for modulating the 
light emitting time, and a combination of the power 
modulation and the pulse width modulation are known. 

25 An example of pulse width modulation is generating a 
triangular wave or a sawtooth wave corresponding to a 



-3- 



pulse period and comparing the generated wave to an 
analog video signal to produce a pulse-width 
modulated signal. Another example of pulse width 
modulation is generating a high-frequency clock, 
5 dividing the clock in a digital manner to produce a 
delayed pulse, and producing a pulse-width modulated 
signal by the logical sum or logical multiplication. 

FIG. 1 illustrates a general structure of a 
conventional laser modulating and driving device used 

10 in a laser printer or other image reproducing 

apparatuses. The pixel data generating unit 1110 
converts input data to pixel data suitable to image- 
forming factors, including the y characteristic of the 
photosensitive drum. The LD modulation signal 

15 generating unit 1120 produces a modulation signal for 
power-modulating or pulse-width-modulating the 
optical output of the semiconductor laser 190 
according to the pixel data. The LD driving unit 1170 
drives the semiconductor laser 190 based on the 

20 modulation signal. 

Conventionally, the LD modulation signal 
generating unit 1120 and the LD driving unit 1170 are 
arranged in a single block 1020. These elements are 
mounted on the same printed circuit board (PCB) or 

25 fabricated as the same integrated circuit (such as 



ASIC) , and the block 1020 is separated from a block 
1010 of the pixel data generating unit 1110. This is 
because the transmission rate of the modulation 
signal is higher than that of the pixel data, and 
therefore it is desired to arrange the LD modulation 
signal generating unit 1120 and the LD driving unit 
1170 as close each other as possible. 

Japanese Patent No. 3283256 discloses an image 
forming apparatus proposed from the same viewpoint. 
In the publication, a PWM circuit corresponding to 
the LD modulation signal generating unit 1120 and a 
laser driver corresponding to the LD driving unit 
1170 are mounted on the same circuit board, while the 
digital tone control circuit corresponding to the 
pixel data generating unit 1110 is mounted on a 
separate circuit board. Data and clocks are supplied 
from the digital tone control circuit to the PWM 
circuit by differential transmission. 

Japanese Patent Laid-open publication No. 11- 
105336 discloses a semiconductor integrated circuit 
which is also proposed from the same viewpoint. In 
the publication, a pixel modulation circuit 
implemented as the PWM circuit, a laser driving 
circuit, and a connection circuit between them are 
mounted on a single chip. Signals transmitted between 



the pixel modulation circuit* and the connection 
circuit, as well as signals transmitted between the 
connection circuit and the laser driving circuit, are 
differential signals . 

However, demand for high-speed operation in image 
forming and/or reproducing apparatuses is growing 
more and more, and the number of lasers is increasing. 
To form a single color image, two, four, or eight 
(depending on the case) lasers, which may be arranged 
as an LD array, are used. In addition, photocopiers 
and printers have shifted from monochrome to color, 
and multiple LD modulation signal generating units 
and the corresponding number of LD driving units are 
required . 

For example, in order to form a 4-color image 
using two semiconductor lasers based on 8-bit pixel 
data and a 1-bit LD modulation signal (pulse) , then 
64-bit pixel data and eight modulation signals are 
required. Using the conventional laser modulating and 
driving device shown in FIG. 1, 64-bit digital pixel 
signals have to be transmitted from the pixel data 
generating unit 1110 to the LD modulation signal 
generating unit 1120 at a high rate, although not 
required as fast as transmission of LD modulation 
signal. The number of data lines increases and the 



size and the structure of the data transmission part 
become large and complicated, which makes it 
difficult to realize high-speed transmission of 64 
data signals. If such digital pixel signals are 
supplied from the pixel data generating unit 1110 to 
the LD modulation signal generating unit 1120 by 
differential transmission, the structure of the data 
transmission part and the transmission path becomes 
larger and more complicated. 

Another problem is inconsistency in conditions of 
a supply voltage for laser driving and a supply 
voltage for generation of modulation signals. Along 
with the demand for high-speed operation, 
integralization of a device for generating modulation 
signal with other devices on a chip is advancing, and 
the supply voltage of such devices on the chip is 
becoming lower and lower. In contrast, the wavelength 
of the semiconductor laser becomes shorter and 
shorter for achieving high resolution, and the 
falling voltage (i.e., the potential drop between 
terminals) of the semiconductor laser tends to 
increase, causing the supply voltage for driving the 
semiconductor laser to be increased. Thus, 
inconsistency between the power supply voltage 
condition for laser driving and that for modulation 



signal generation becomes conspicuous. 

SUMMARY OF THE INVENTION 

In view of the above-described problems , it is a 
object of the invention to realize high-speed laser 
operation and precise LD signal control, while 
maintaining improved EMI and anti-noise 
characteristics, in an image forming/reproducing 
apparatus . 

It is another object of the invention to supply 
appropriate supply voltages suitable to both the 
laser driving operation and generation of high-speed 
LD modulation signals. 

It is still another object of the invention to 
eliminate the inconsistency between increased supply 
voltage for driving a laser and reduced supply 
voltage for generating LD modulation signals. 

To achieve the object, a pixel data generating 
unit and a modulation signal generating unit are 
arranged together in the same substrate (such as PCB 
or in the same ASIC) , while a laser driving unit is 
placed near a light source (such as a laser) . This 
arrangement allows a plurality of pixel data signals 
to be transmitted in parallel on the PCB or ASIC. At 
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the same time, the laser driving unit arranged near 
the laser can achieve a high-speed laser driving 
characteristic . 

To transmit the modulation signal (e.g., a pulse- 
5 width modulation signal) to the laser driving unit at 
a high rate, the modulation signal generating unit 
produces and transmits a small swing differential 
modulation signal to the laser driving unit. 

To be more precise, in one aspect of the 

10 invention, a laser modulating and driving device 
comprises a modulation signal generating unit 
configured to generate a small swing differential 
modulation signal according to pixel data, and a 
lasesr driving unit configured to drive a laser based 

15 on the small swing differential modulation signal. 

The modulation signal generating unit and the 
laser driving unit are spatially separated from each 
other, and connected via a transmission line through 
which the small swing differential signal propagates. 

20 The laser modulating and driving device further 

comprises a pixel data generating unit that generated 
the pixel data, and the pixel data generating unit 
and the modulation signal generating unit are 
arranged on the same block. 

25 With this laser modulating and driving device, 
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the modulation signals are transmitted, maintaining a 
precise pulse width, because the small swing 
differential signal has less energy change and more 
durability against disturbance. Accordingly, high- 
5 speed driving operation is achieved, while the EMI 

(electromagnetic interference) characteristic and the 
anti-noise characteristic are improved under the 
precise control of laser modulation. 

Since the small swing differential modulation 

10 signal allows the distance between the modulation 

signal generating unit and the laser driving unit to 
be increased, the laser driving unit can be mounted 
on an independent circuit board, or formed as an 
independent integrated circuit, separately from the 

15 modulation signal generating unit. Consequently, a 
sufficient supply voltage can be supplied to the 
laser driving unit, while high-density and low-power 
devices can be used in the modulation signal 
generating unit to produce a high-speed modulation 

20 signal, regardless of the laser driving voltage. 

In another aspect of the invention, an image 
forming and reproducing apparatus using the laser 
modulating and driving device is provided. 



25 



BRIEF DESCRIPTION OF THE DRAWINGS 



Other objects, features, and advantages of the 
present invention will become more apparent from the " 
following detailed description when read in 
conjunction with the accompanying drawings, in which: 

FIG. 1 illustrates a conventional laser 
modulating and driving device; 

FIG. 2 is an example of the structure of the LD 
modulating/driving device according to an embodiment 
of the invention; 

FIG. 3 is another example of the structure of the 
LD modulating/driving device with multiple channels 
according to an embodiment of the invention; 

FIG. 4 illustrates a pulse shape of a 
conventional LD modulation signal; 

FIG. 5 illustrates a pulse shape of a small swing 
differential LD modulation signal according to an 
embodiment of the invention; 

FIG. 6 illustrates a pulse shape of the small 
swing differential LD modulation signal having 
propagated through a long transmission path; 

FIG. 7 shows an example of transmission of a 
small swing differential LD modulation signal based 
on the LVDS (Low Voltage Differential Signaling) 
technique ; 



FIG. 8 shows still another example of the LD 
modulating/driving device according to an embodiment 
of the invention; 

FIG. 9A shows the detailed structure of the small 
swing differential signal output unit, and FIG. 9B 
shows the detailed structure of the small swing 
differential signal input unit shown in FIG. 8; 

FIG. 10 shows still another example of the LD 
modulating/driving device according to an embodiment 
of the invention; 

FIG. 11 is circuit diagram of an example of the 
voltage generator for generating VCC3 shown in FIG. 
10; 

FIG. 12 shows still another example of the LD 
modulating/driving device according to an embodiment 
of the invention; 

FIG. 13 illustrates a part of the LD 
modulating/driving device shown in FIG. 12; 

FIG. 14 is a circuit diagram showing an example 
of producing a small swing differential signal 
according to the first embodiment of the invention; 

FIG. 15 is a circuit diagram showing another 
example of producing a small swing differential 
signal according to the first embodiment of the 
invention ; 
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FIG. 16 is a circuit diagram showing still 
another example of producing a small swing 
differential signal according to the first embodiment 
of the invention; 

FIG. 17 is a circuit diagram showing still 
another example of producing a small swing 
differential signal according to the first embodiment 
of the invention; 

FIG. 18 is a circuit diagram showing still 
another example of producing a small swing 
differential signal according to the first embodiment 
of the invention; 

FIG. 19 is a circuit diagram showing still 
another example of producing a small swing 
differential signal according to the first embodiment 
of the invention; 

FIG. 20 is a circuit diagram showing still 
another example of producing a small swing 
differential signal according to the first embodiment 
of the invention; 

FIG. 21 is a circuit diagram showing still 
another example of producing a small swing 
differential signal according to the first embodiment 
of the invention; 

FIG. 22 is a circuit diagram showing still 
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another example of producing a small swing 
differential signal according to the first embodiment 
of the invention; 

FIG. 23 is a circuit diagram showing still 
5 another example of producing a small swing 

differential signal according to the first embodiment 
of the invention; 

FIG. 24 is a circuit diagram showing still 
another example of producing a small swing 
10 differential signal according to the first embodiment 
of the invention; 

FIG. 25 shows an example of producing a high 
voltage shown in FIG. 22 and FIG. 24, which is used 
when producing a small swing differential signal 
15 FIG. 26 shows an example of producing a low 

voltage shown in FIG. 23 and FIG. 24, which is used 
when producing a small swing differential signal; 

FIG. 27 shows another example of producing a high 
voltage used to generate a small swing differential 
20 signal ; 

FIG. 28 shows another example of producing a low 
voltage used to generate a small swing differential 
signal ; 

FIG. 29 shows still another example of producing 
25 a low voltage and a high voltage used to generate a 
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small swing differential signal: 

FIG. 30 is a circuit diagram showing still 
another example of producing a small swing 
differential signal ; 
5 FIG. 31 is a circuit diagram showing still 

another example of producing a small swing 
differential signal; 

FIG. 32 illustrates an example in which small 
swing differential outputs are terminated at a 
10 resistor; 

FIG. 33 is a circuit diagram showing still 
another example of producing a small swing 
differential signal ; 

FIG. 34 shows a structural example of the 
15 electric current source used in the circuit for 
producing a small swing differential signal; 

FIG. 35 is a schematic diagram illustrating the 
interface between the small swing differential signal 
output circuit and the small swing differential 
20 signal input circuit; 

FIG. 36 shows a structural example of the 
interface between the small swing differential signal 
output circuit and the small swing differential 
signal input circuit; 
25 FIG. 37 shows another structural example of the 
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interface between the small swing differential signal 
output circuit and the small swing differential 
signal input circuit; 

. FIG. 38 shows still another structural example of 
5 the interface between the small swing differential 
signal output circuit and the small swing 
differential signal input circuit; 

FIG. 39 shows still another structural example of 
the interface between the small swing differential 
10 signal output circuit and the small swing 
differential signal input circuit; 

FIG . 40 shows still another structural example of 
the interface between the small swing differential 
signal output circuit and the small swing 
15 differential signal input circuit; 

FIG. 41 shows a structural example of the LD 
driving unit, which includes a small swing 
differential signal input circuit and a driving 
circuit ; 

20 FIG. 42 shows another structural example of the 

LD driving unit including a small swing differential 
signal input circuit and a driving circuit; 

FIG. 43 shows still another structural example of 
the LD driving unit including a small swing 

25 differential signal input circuit and a driving 



-16- 



circuit; 

FIG. 44 shows still another structural example of 
the LD driving unit including a small swing 
differential signal input circuit and a driving 
5 circuit; 

FIG. 45 shows an example of producing a small 
swing output according to the second embodiment of 
the invention; 

FIG. 46 shows another example of producing a 
10 small swing output according to the second embodiment 
of the invention; 

FIG. 47 shows still another example of producing 
a small swing output according to the second 
embodiment of the invention; 
15 FIG. 48 is a circuit diagram showing an example 

of the small swing differential signal output circuit 
according to the second embodiment of the invention; 

FIG. 49 is a circuit diagram showing another 
example of the small swing differential signal output 
20 circuit according to the second embodiment of the 
invention ; 

FIG. 50 is a circuit diagram showing still 
another example of the small swing differential 
signal output circuit according to the second 
25 embodiment of the invention; 



FIG. 51 is a circuit diagram showing still 
another example of the small swing differential 
signal output circuit; 

FIG. 52 shows an example of the interface between 
the small swing differential signal output circuit 
and the small swing differential signal input circuit 
according to the second embodiment of the invention; 

FIG. 53 shows another example of the interface 
between the small swing differential signal output 
circuit and the small signal differential signal 
input circuit; 

FIG. 54 shows still another example of the 
interface between the small swing differential signal 
output circuit and the small swing differential 
signal input circuit; 

FIG. 55 shows still another example of the 
interface between the small swing differential signal 
output circuit and the small swing differential 
signal input circuit ; 

FIG. 56 shows still another example of the 
interface between the small swing differential signal 
output circuit and the small swing differential 
signal input circuit; 

FIG. 57 illustrates an example of a single beam 
scanning system used in an image reproducing 
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apparatus to which the laser modulating and driving 
device of the invention is applied; 

FIG. 58 illustrates an example of a multi-beam 
scanning system used in an image reproducing 
5 apparatus to which the invention is applied; 

FIG. 59 illustrates the structure of a two- 
channel semiconductor laser array; 

FIG. 60 is an exploded view of the light source 
unit of the multi-beam scanning system; 
10 FIG. 61 is an exploded view of another type of 

light source unit of the multi-beam scanning system; 

FIG. 62A and 62B illustrate the beam spot 
positions using the light source units shown in FIG. 
60 and FIG. 61, respectively; 
15 FIG. 63 is an exploded view of still another type 

of light source unit of the multi-beam scanning 
system; 

FIG. 64 illustrates the structure of a four- 
channel semiconductor laser array; and 
20 FIG. 65 illustrates the major part of a tandem 

color copying machine. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

25 FIG. 2 is a schematic block diagram of the 
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semiconductor laser modulating/driving device 100 
according to an embodiment of the present invention. 
The semiconductor laser modulating/driving device 100 
includes a first block 10 in which a pixel data 
5 generating unit 110 and an LD modulation signal 

generating unit 120 are arranged, and a second block 
20 positioned near the semiconductor laser (LD) 190 
and including an LD driving unit 170. In this example, 
the pixel data generating unit 110 and the LD 

10 modulation signal generating unit 120 are mounted on 
the same printed circuit board (PCB) 1, or formed in 
the same ASIC 1, while the LD driving unit 170 is 
mounted on or formed in a different PCB 2 or ASIC 2, 
separately from the PCB1/ASIC1. 

15 The pixel data generating unit 110 converts the 

input data to pixel data. According to the pixel data, 
the LD modulation signal generating unit 120 produces 
and outputs a small swing LD modulation signal by a 
differential signaling technique. The LD driving unit 

20 170 drives the semiconductor laser 190 based on the 
small swing differential modulation signal supplied 
from the LD modulation signal generating unit 120. 

■It is expected that the number of pixel data 
signaling lines will continue to increase over time 

25 along with the multi-channel structure of 
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semiconductor lasers and the multi-color 
configuration of the image reproducing apparatus. By- 
arranging the pixel data generating unit 110 and the 
LD modulation signal generating unit 120 on the same 
5 printed circuit board or incorporating the 

corresponding functions in the ASIC, multiple signals 
can be transmitted in parallel at a high rate, easily 
coping with increase in the number of signal lines. 
By arranging the LD driving unit 170 near the LD 190 
10 (or an LD array) , a high-speed and stable operation 
can be achieved. The LD driving unit 170 and the LD 
190 (or the LD array) may be arranged on the same 
substrate . 

FIG. 3 illustrates a multi-channel laser 
15 modulating/driving device, in which a first LD 
driving unit 170-1 connected to the first light 
source (LD1) 190-1 and a second LD driving unit 170-2 
connected to the second light source (LD2) 190-2 are 
arranged in parallel. The first LD modulating signal 
20 and the second LD modulating signal supplied to the 
first and second LD driving units 170-1 and 170-2, 
respectively, are small swing differential signals 
produced by the LD modulation signal generating unit 
120. The LD modulation signal generating unit 120 and 
25 the pixel data generating unit 110 are arranged in 



the same block 10, which may be formed as the same 
PCB or ASIC. It is not necessary to provide an LD 
driving unit for each of the semiconductor lasers 19 
A single LD driving unit 170 may be used to drive 
multiple semiconductor lasers 190. In this case, the 
LD driving unit 170 and semiconductor lasers 190 may 
be arranged on the same PCB or the ASIC. 

As the number of light sources (e.g., the 
semiconductor lasers) 190 increases, two or more LD 
modulation signal generating units 120 may be used. 
In this case, the distance between the LD modulation 
signal generating unit 120 and the LD driving unit 
170 may be further increased. In order to deal with 
the spatial separation between the LD modulation 
signal generating unit 120 and the LD driving unit 
170, a small swing differential signal consisting of 
complementary signal pairs produced by a differential 
signaling method is transmitted as the LD modulation 
signal. Making use of the spatial separation, an 
appropriate supply voltage suitable for driving the 
semiconductor laser 190 is supplied to the LD driving 
unit 170, while a lower voltage is supplied to the LD 
modulation signal generating unit 120 so as to 
produce a high-speed LD modulation signal. 

FIG. 4 illustrates a pulse shape of a 
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conventional digital LD modulation signal, which is a 
full-swing modulation signal. In transmitting a full- 
swing signal through a single path, it is difficult 
to precisely propagate the pulse width or other 
5 signal characteristics. In contrast, by using a pair 
of small swing and differential signals (which is 
referred to as a "small swing differential signal") 
shown in FIG. 5, high-speed operation and precise 
control of LD modulation signal can be realized, 

10 while the EMI characteristic and anti-noise 

characteristic are improved. This is because the 
small swing differential signal has a small energy 
change, and is durable against disturbance. 
Consequently, information can propagate, while 

15 maintaining the precise pulse width. 

FIG. 6 illustrates how the pulse width is 
maintained even through a long transmission path. In 
general, as the transmission path lengthens, the 
rising time and the falling time of the pulse 

20 increases. In addition, the rising time and the 

falling time may differ from each other. However, a 
pair of differential signals allows the pulse to be 
transmitted as a precise pulse, even if the pulse 
shape of each of the signal pair degrades, as 

25 illustrated in FIG. 6. Accordingly, a pair of 



-23- 



dif f erential signals is suitable to signal 
transmission for pulse width modulation. A typical 
signaling scheme for pulse-width modulation is low 
voltage differential signaling (LVDS) . 
5 FIG. 7 shows an example of producing a pair of 

small swing differential signal by LVDS. In the 
example shown in FIG. 7, CMOS transistors T2 and T3 
of one conductivity type, and CMOS transistors Tl and 
T4 of the other conductivity type, are driven 

10 alternately to supply or draw electric current 

defined by the electric current source II of the 
driver 121 to or from the associated signal lines. A 
pair of small swing differential signals is 
transmitted by a potential difference between 

15 terminals of the resistor Rl of the receiver 171. As 
long as a small swing differential signal is 
transmitted, any methods other than LVDS may be used, 
which are described later. 

FIG. 8 illustrates the structures of the LD 

20 modulation signal generating unit 120 and the LD 

driving unit 170. The LD modulation signal generating 
unit 120 has a modulation circuit 125 and a small 
swing differential signal output circuit 130 
functioning as the driver 121 shown in FIG. 7. The LD 

25 driving unit 170 has a small swing differential 
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signal input unit 160 functioning as the receiver 171 
shown in FIG. 7, and a driving circuit 165. 

In FIG. 8, the ASIC mounting the LD modulation 
signal generating unit 120 is connected to the supply 
5. voltage VCC1 , the ASIC mounting the LD driving unit 
170 is connected to the supply voltage VCC2 , and the 
LD 190 is connected to the supply voltage VCC3 . By 
providing separate voltage sources, each block can 
operate in the optimum manner. For instance, the 

10 block (or the ASIC) of the LD modulation signal 

generating unit 120 mainly includes a digital circuit 
consisting of fine devices for producing an LD 
modulation signal, and has to satisfy high-speed 
operation. The supply voltage VCC1 connected to such 

15 a high-speed operative circuit is a low voltage. VCC1 
is, for example, 1.2 V in the 0.13 Mm process or 1.8 
V in the 0.18 Mm process. It is sufficient for VCC2 
connected to the block of the LD driving unit 170 to 
have a potential required for the LD driving 

20 transistor plus the falling voltage of the LD 190. 

Assuming that the typical falling voltage of the LD 
190 is 2.5 V and that the required potential of the 
LD driving transistor is at least 1 V, then VCC2 is 
at least 3.5V. The other voltage VCC3 connected to 

25 the LD 190 may be in common with VCC2 . However, since 



there is limitation due to the device structure in 
setting a supply voltage for an ASIC, VCC3 may be set 
lower than VCC2 , for the purpose of reducing power 
consumption of the associated ASIC. For example, VCC2 
may be set to 5 V, while VCC3 is set to 3 . 5 V to 
reduce the power consumption . 

FIG. 9A illustrates the structure of the small 
swing differential signal output circuit 130 arranged 
on the output side of the LD modulation signal 
generating unit 120, while FIG. 9B illustrates, the 
structure of the small swing differential signal 
input circuit 160 arranged on the input side of the 
LD driving unit 170. 

As illustrated in FIG. 9A, the small swing 
differential signal output circuit 130 includes an 
inverted/non-inverted signal generating circuit 131 
and a small swing output circuit 132. The 
inverted/non-inverted signal generating circuit 131 
receives an LD modulation signal from the modulation 
circuit 125, and outputs a non-inverted signal with 
the same phase as the LD modulation signal (which is 
referred to as a "non-inverted LD modulation signal) , 
and an inverted signal with the phase shifted by 180 
degrees with respect to the non-inverted signal 
(which is referred to as an "inverted LD modulation 



signal"). The small swing output circuit 132 receives 
the non-inverted and/or inverted signals, and outputs 
a small swing differential LD modulation signal 
consisting of a non-inverted small swing LD 
modulation signal and an inverted small swing LD 
modulation signal with the phase shifted by 180 
degrees with respect to the non-inverted small swing 
LD modulation signal. 

FIG. 9B illustrates a circuit used in the small 
swing differential signal input unit 160 of the LD 
driving unit 179. This circuit includes transistors 
226 and 227, a current mirror circuit 228 for 
providing load on both transistors, and a constant 
current circuit 229. If the transistor 226 is a CMOS 
circuit, the LVDS circuit described above with 
reference to FIG. 7 is realized. If the transistor 
226 is a bipolar transistor, an emitter coupled logic 
(ECL) circuit or a current mode logic (CML) circuit 
is realized. There are several circuit structures for 
receiving a small swing differential signal pair. In 
general, the same circuit scheme as that of the small 
swing differential signal output circuit 130 is used. 
However, since the supply voltage for the small swing 
differential signal input circuit 160 is different 
from that for the small swing differential signal 
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output circuit 130 in this example, high-speed signal 
transmission is possible without using the same 
circuit scheme. 

FIG. 10 illustrates the structure for varying 
5 VCC2 and VCC3 . In the example shown in FIG. 10, VCC3 
used for the LD 190 is generated from VCC2 used in 
the LD driving unit 170 having the small swing 
differential signal input circuit 160, via a voltage 
generating circuit 180 (VCC3<VCC2) . 

10 FIG. 11 shows the structure of the voltage 

generating circuit 180. In this circuit 180, the 
voltage drop of the transistor 182 is controlled by 
the output of the differential amplifier 181. In 
order to set VCC3 to 3 . 5 V with VCC2 of 5V, a 

15 reference voltage of 3.5 V is input to the reference 
voltage input terminal. By designing the circuit 180 
such that the reference voltage Vref is set 
externally and freely, any type of laser diode may be 
connected. The optimum levels of VCC2 and VCC3 

20 suitable to both the power consumption and the 

driving operation of the LD driving unit 170 can be 
selected according to the actually used laser diode 
(LD) 190. The voltage generating circuit 180 may be 
incorporated in the ASIC of the LD driving unit 170, 

25 or alternatively, it may be arranged outside the ASIC 
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of the LD driving unit 170, as illustrated in FIG. 10. 

FIG. 12 illustrates another example of the 
semiconductor laser modulating/driving device 
according to an embodiment of the invention. In this 
5 example, the modulation circuit 125 and the small 

swing differential signal output circuit 130, which 
form the LD modulation signal generating unit 120, 
are incorporated in ASIC 150 together with a pixel 
clock generator 151 and a high frequency clock 

10 generator 140. Although in this example the pixel 
data generating unit 110 is excluded from the ASIC 
150, it may also be incorporated in the ASIC 150. The 
pixel data generating unit 110 and the ASIC 150 are 
mounted on the same block (PCB1 or ASIC1) 10, while 

15 the LD driving unit 170 is mounted on a separate 
block (PCB2 or ASIC2) 20. 

FIG. 13 illustrates the detailed structure of the 
high frequency clock generator 140 and the data flow 
in the block (PCB1/ASIC1) 10. The high frequency 

20 clock generator 140 includes a reference current 

generator 141, a programmable frequency divider (M) 
142, a phase comparator 143, a filter 144, a voltage 
control oscillator (VCO) 143, a multiphase clock 
generator 146, and a programmable frequency divider 

25 (N) 147. The reference current generator 141 
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generates and supplies a reference current to the 
phase comparator 143 and the VCO 145 of the high 
frequency clock generator 140, as well as to the 
small swing differential signal output circuit 130. 
5 The programmable frequency divider (M) 142 divides 
the reference clock REFCLK by M. 

The phase comparator 132, the filter 144, the VCO 
145, the multiphase clock generator 146, and the 
programmable frequency divider (N) 147 form a so- 

10 called phase locked loop (PLL) circuit. The PLL 

circuit produces a multiphase high-frequency clock 
whose phase is adjusted to the output of the 
programmable frequency divider (M) 142 and whose 
frequency is set by multiplying the output of the 

15 programmable frequency divider (M) 142 by N. In 

general, the produced high frequency clock is several 
to several tens times the pixel clock. The high 
frequency . clock is supplied to the pixel clock 
generator 151 and the modulation circuit 125 of the 

20 LD modulation signal generating unit 120. The 

structure of the high frequency clock generator 140 
is not limited to the PLL circuit, and any structure 
can be employed as long as a high frequency clock is 
produced. The reference current generator 141 may be 

25 formed separately from the high frequency clock 
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generator 140. 

The pixel clock generator 151 divides the high 
frequency clock supplied from the high frequency 
clock generator .140 to produce a pixel clock, which 
5 is used as a reference when a photocopier or a 

printer, reproduces an image. Although the detailed 
explanation is omitted here, the pixel clock 
generator 151 produces a sync clock from a 
synchronized signal for aligning the writing position 

10 for a raster type laser printer. When applied to a 
photocopier or a color printer, the pixel clock 
generator 151 needs to have a function of adjusting a 
clock scanning time for each clock. The pixel clock 
produced by the pixel clock generator 151 is supplied 

15 to the pixel data generating unit 110 and the LD 
modulation signal generating unit 120. 

The pixel data generating unit 110 receives image 
data output from a printer or read by a scanner, and 
produces pixel data at a timing of the pixel clock in 

20 accordance with the y characteristic of the 

photosensitive drum so as to allow the image to be 
output from a laser printer. The produced pixel data 
are, for example, 8-bit data per pixel per color. 

The modulation circuit 125 produces a bit-serial 

25 LD modulation signal from the pixel data, based on 



the pixel clock and the high frequency clock. A pulse 
modulation signal generating circuit suitable to high 
speed operation of the LD modulation signal 
generating unit 120 was proposed by the inventors of 
the present patent application, which is disclosed in 
JPA 2003-103831. However, any suitable known 
structure may be employed for the LD modulation 
signal generating unit 120. 

The LD modulation signal produced by the 
modulation circuit 125 is converted to a small swing 
differential LD modulation signal by the small swing 
differential signal output circuit 130, which is then 
transmitted to the small swing differential signal 
input circuit 160 of the LD driving unit 170 mounted 
on the different ASIC or PCB block 20. 

There are several ways of producing a small swing 
differential signal pair. One method is the above- 
described low voltage differential signaling (LVDS) 
technique. Alternatively, current mode logic (CML) , 
emitter coupled logic (ECL) , or other methods may 
also be used to produce a small swing differential 
signal. In general, the LD driving unit that receives 
the small swing differential signal pair employs the 
same method as that used on the output side. However, 
if the supply voltage differs between the small swing 
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dif f erential signal output side and the input side, 
then different techniques may be used on the output 
side and the input sides, without preventing high 
speed signal transmission. 

Next, the first embodiment that uses CML or ECL 
for producing a small swing differential signal is 
explained with reference to FIG. 14 through FIG. 44. 
In the following examples, a small swing output is 
produced by a single inverter; however, the same 
applies to the structure using multiple inverters or 
a buffer. 

FIG. 14 is a circuit diagram of current mode 
logic (CML) used in the small swing output circuit 
132 shown in FIG. 9A. A pair of differential signals 
consisting of a non-inverted LD modulation signal and 
an inverted LD modulation signal are input to the 
gates of transistors TR1 and TR2 , respectively, and 
load resistors Rl and R2 are inserted in the CML. 
This arrangement makes the amplitude of the output of 
the CML smaller than VCC. The output level of the 
small swing signal can be regulated by adjusting the 
resistance values of the resistors Rl and R2 . 

FIG. 15 shows another example of producing a 
small swing signal pair, in which emitter coupled 
logic (ECL) is employed. This circuit has the same 
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structure as that of FIG. 14, except that bipolar 
transistors are used as transistors TR1 and TR2 and 
that the non-inverted and inverted differential 
signals are input to the bases of the bipolar 
5 transistors . 

FIG. 16 shows still another example of producing 
a pair of small swing signals by CML . In this circuit, 
diodes Dl and D2 are used in place of resistors Rl 
and R2 to produce load on the CML. A pair of 

10 differential signals consisting of the non-inverted 
LD modulation signal and the inverted LD modulation 
signal are input to the gate of transistors TR1 and 
TR2 , respectively. The output swing of the CML is 
smaller than VCC by a voltage difference equal to the 

15 falling voltage of the diodes Dl and D2 . By adjusting 
the size of the diodes Dl and D2 , the output swing 
level is regulated. Similarly to FIG. 15 ,- the 
arrangement can be applied to ECL by replacing 
transistors TR1 and TR2 with bipolar transistors. 

20 FIG. 17 shows still another example of producing 

a small swing signal pair by CML. In this example, 
two diodes Dl and D2 are inserted in series for 
outputting the non-inverted small swing signal, and 
two diodes D3 and D3 are inserted in series for 

25 outputting the inverted small swing signal. The 
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output swing of the CML can be made smaller than VCC 
by the falling voltage of the two diodes. By 
adjusting the size of each diode, the output swing 
level can be adjusted. By replacing the TR1 and TR2 
5 with bipolar transistors, an ECL circuit can be 
formed . 

FIG. 18 shows still another example of producing 
a small swing signal pair by CML. In this example, 
the third resistor R3 is inserted between VCC and the 

10 resistors Rl and R2 . This arrangement can make the 

reference electric potential lower than VCC, and make 
the output swing of the CML smaller. By adjusting the 
resistance values of resistors Rl , R2 , and R3 , the 
amplitude or the swing of the output of the CML can 

15 be regulated. The same structure can be applied to 
ECL. 

FIG. 19 shows still another example of producing 
a small swing signal pair by CML. In this example, a 
diode Dl is inserted between VCC and the resistors Rl 

20 and R2 . The reference electric potential can be made 
lower than VCC by a voltage difference equal to the 
falling voltage of diode Dl , and consequently, the 
output swing of the CML can be made smaller. By 
adjusting the size of the diode Dl , the swing level 

25 of the output of CML can be regulated. The same 
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arrangement applies to ECL. 

FIG. 20 shows still another example of producing 
a small swing signal pair by CML . In this example, 
serially connected diodes Dl and D2 are inserted 
5 between VCC and the resistors Rl and R2 . The 

reference electric potential is made smaller than VCC 
by a voltage difference equal to the falling voltage 
of the two diodes, and consequently, the swing or the 
amplitude of the output of the CML can be made 

10 smaller. By adjusting the size of the diodes Dl and 
D2 , the swing level of the output of CML can be 
regulated. The same arrangement applies to ECL. 

FIG. 21 shows still another example of producing 
a small swing signal pair by CML. In this example, 

15 VCC is connected to the voltage source V. This 

arrangement allows the reference electric potential 
to be set to a desired level, and therefore, the 
output swing of the CML can be regulated to a desired 
level. The same applies to ECL. 

20 FIG. 22 shows still another example of producing 

a small swing signal pair by CML. In this example, 
the swing of the non inverted and inverted modulation 
signals has already been made smaller prior to being 
input to the CML having the structure shown in FIG. 

25 14. The outputs of inverters Nl and N2 are connected 
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to the gates of transistors TR1 and TR2 , respectively. 
Supply voltage V H , which is lower than VCC , is applied 
to supply terminal of inverter Nl and N2 , such that 
the swing height of the modulation signal input to 
5 the CML becomes lower than VCC. This arrangement can 
reduce fluctuation of the electric current source due 
to switching, while increasing the switching speed. 
The same arrangement can apply to ECL. 

FIG. 23 shows another example of reducing the 

10 swing of the modulation signals input to CML, as in. 
the example shown in FIG. 22, but setting the ground 
potential of inverters Nl and N2 to V L , which is 
higher than GND . With this arrangement, the swing 
height of the input signal to CML becomes VCC-V L , and 

15 therefore, the fluctuation of the electric current 
source due to switching can be reduced, while 
allowing the switching speed to be increased. The 
same arrangement can apply to ECL. 

FIG. 24 shows still another example of reducing 

20 the swing of the modulation signals input to CML, as 
in the examples shown in FIG. 22 and FIG. 23. In this 
example, the supply voltage of inverter Nl and N2 is 
set to V H , which is lower than VCC, and the ground 
potential of inverters Nl and N2 is set to V L , which 

25 is higher than GND. With this arrangement, the swing 
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of the input signal to CML becomes V H -V L , which is 
much smaller than VCC. Consequently, fluctuation in 
the electric current source due to switching can be 
prevented, while increasing the switching speed. The 
5 same arrangement applies to ECL . 

FIG. 25A and FIG. 25B show circuits for producing 
high voltage V H . applied to the power supply terminal 
of inverters Nl and N2 shown in FIG. 22 and FIG. 24. 
In FIG. 25A, the anode of diode Dl is connected to 

10 the supply voltage VCC, and the cathode is connected 
to the current source. With this arrangement, a 
voltage V H which is smaller than VCC by a voltage 
difference equal to the falling voltage of the diode 
Dl can be extracted in a stable manner. By adjusting 

15 the size and the diode Dl and by regulating the level 
of the current source, V H can be set to a desired 
level . 

In FIG. 25B, two diodes Dl and D2 are connected 
in' series, and a voltage V H which is smaller than VCC 

20 by a voltage difference equal to the falling voltage 
of the diode Dl and D2 can be extracted in a stable 
manner. The voltage V H produced by the circuit of FIG. 
25B is smaller than that of FIG. 25A using a single 
diode. By adjusting the size of each diode and by 

25 regulating the level of the current source, desired 
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level of V H can be produced. 

FIG. 26A and FIG. 26B show circuits for producing 
low voltage V L applied to the ground terminal of 
inverters Nl and N2 shown in FIG. 23 and FIG. 24. In 
5 FIG. 26A, the cathode of diode Dl is connected to GND, 
and the anode is connected to the current source. 
With this arrangement, a low voltage V L which is 
higher than GND by a voltage difference equal to the 
falling voltage of the diode Dl can be extracted in a 

10 stable manner. By adjusting the size and the diode Dl 
and by regulating the level of the current source, V L 
can be set to a desired level. 

In FIG. 26B, two diodes Dl and D2 are connected 
in series, and a voltage V L which is higher than GND 

15 by a voltage difference equal to the falling voltage 
of the diode Dl and D2 can be extracted in a stable 
manner. Voltage V L produced by the circuit shown in 
FIG. 26B is higher than that of FIG. 26A with a 
single diode. By adjusting the size of each diode and 

20 by regulating the level of the current source, 
desired level of V L can be produced. 

FIG. 27 shows another example of the circuit for 
producing high voltage V H , in which the output of the 
band gap reference (BGR) 430 is connected to one 

25 input terminal of the operational amplifier 431 via 



resistor 432. The other input terminal of the 
operational amplifier 431 is connected to GND . The 
output of the operational amplifier 431 is fed back 
to its input terminal via resistor 433. The 
operational amplifier 431 and the resistors 432 and 
433 form an inverting amplifier, from which a desired 
level of high voltage V H is obtained in a stable 
manner. 

FIG. 28 shows another example of the circuit for 
producing low voltage V L , The output of the band gap 
reference (BGR) 430 is supplied to the inverting 
amplifier comprised of an operational amplifier 453 
and resistors 436 and 437, and a desired level of low 
voltage V L is obtained from the inverting amplifier. 

FIG. 29 shows still another circuit structure, in 
which the output of the band gap reference (BGR) 430 
is connected to the inputs of the first and second 
inverting amplifiers connected in parallel. The first 
inverting amplifier comprises an operational 
amplifier 431 and resistors 432 and 433, from which 
high voltage V H is obtained in a stable manner, and 
the second inverting amplifier comprises an 
operational amplifier 435 and resistors 436 and 437, 
from which low voltage V L is obtained in a stable 
manner. 
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FIG . 30 shows still another example of the small 
swing output circuit of CML type, which uses two CML 
circuits. The differential signal consisting of a 
non-inversed LD modulation signal and an inverted LD 
5 modulation signal is input to the first CML, and the 
output of the first CML is connected to the input to 
the second CML. This arrangement is capable of 
reducing the swing of the input signal to the second 
CML to be reduced, and can prevent fluctuation of the 

10 current source due to switching of the input to the 
second CML. This arrangement achieves faster 
operation because of small swing input. The same 
applies to the structure including three or more CML 
circuits. By replacing transistors TR1 through TR4 

15 with bipolar transistors, ECL type small swing 

differential signal producing circuit can be formed. 

FIG. 31 shows still another example of the small 
swing output circuit. In this example, the input of 
one transistor TR2 is connected to a fixed voltage, 

20 and a switching signal (an inverted or non-inverted 
LD modulation signal) is input to the other 
transistor TR1 . The fixed voltage is set to a voltage 
between high voltage V H and low voltage V L . This 
arrangement can also output a pair of small swing 

25 differential signals. The same applies to ECL using 
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bipolar transistors. 

FIG. 32 shows still another example of the small 
swing output circuit. In this example, the output of 
CML, that is, a pair of small swing differential 
5 signals (consisting of a non-inverted small swing 
signal and an inverted small swing signal) is 
terminated by a resistor arranged outside the ASIC 12. 
The non-inverted and inverted small swing signals 
output from CML are connected to output pins Tl and 
10 T2 of the ASIC 12. This arrangement allows the 

receiving side (i.e., at the small swing differential 
signal input circuit) to take the small swing 
differential signal component. The same applies to 
ECL. 

15 FIG. 33 shows a modification of the small swing 

output circuit show in FIG. 14. In this modification, 
the resistors Rl and R2 of the CML, which are 
arranged outside the ASIC 12, are connected to the 
output pins Tl and T2 , respectively. By arranging 

20 resistors Rl and R2 outside the ASIC 12, the 

resistance values can be set more accurately with 
less fluctuation. (Resistance accuracy is limited 
when arranged inside the ASIC 12. Accordingly, the 
output swing can be set precisely with this 

25 arrangement. The same applies to the ECL type small 



swing output circuit shown in FIG. 15. 

FIG. 34 shows an example of the current source 
used in the CML circuit. The electric current level 
of the current mirror circuit formed by the diode- 
connected transistors TR1 and TR2 is defined by the 
supply voltage VCC and the resistance value of 
resistor Rl . This circuit forms a highly precise 
constant current source regardless of the load 
resistance of the CML. Accordingly, even if the load 
resistance of the CML is arranged in the integrated 
circuit, fluctuation of the output swing due to 
variation of the load resistance can be prevented. 

Next, explanation is made of the interface 
between the small swing differential signal output 
circuit 130 and the small swing differential signal 
input circuit 160 of the LD driving unit 170, with 
reference to FIG. 35 through FIG. 40. 

FIG. 35 illustrates the small swing differential 
signal output circuit 130 and the small swing 
differential signal input circuit 160 connected via a 
pair of signal transmission lines LI and L2 . 

In FIG. 36, the output stage (i.e., the small 
swing output circuit 132 in this example) of the 
small swing differential signal output circuit 130 is 
formed by a CML or ECL circuit in order to achieve 
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high speed signal transmission. Of course, the output 
stage of the small swing differential signal output 
circuit 130 may be formed of a LVDS circuit, as will 
be described in the second embodiment. 
5 FIG. 37 shows another example of the interface 

between the small swing differential signal output 
circuit 130 and the small swing differential signal 
input circuit 160. The output stage of the small 
swing differential signal output circuit 130 is 

10 formed by a CML or ECL circuit with a supply voltage 
VCC1 , and the small swing differential signal input 
circuit 160 is formed of a circuit of a different 
type (for example, an LVDS or ECL type) from that of 
the output stage of the small swing differential 

15 output circuit 130 , with a supply voltage of VCC2 . 
VCC1 is set to 1.8 V, and VCC2 is set to 5 V, for 
example. By separating the supply voltages VCC1 and 
VCC2 , the small swing differential signal output 
circuit 130 and the modulation circuit 125, which 

20 form the high-speed operative LD modulation signal 
generating unit 120, can be integrated densely on a 
chip, while a voltage sufficient to drive the 
semiconductor laser (LC) is supplied to the LD 
driving unit 170. 

25 FIG. 38 shows still another example of the 
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interface between the small swing differential signal 
output circuit 130 and the small swing differential 
signal input circuit 160, in which the output ends of 
the signal transmission lines LI and L2 are 
5 terminated by a resistor, and differential signal 
output is obtained as current output. 

In FIG. 39, the output ends of the signal 
transmission lines LI and L2 are terminated by- 
resistor, and at the same time, another resistor is 

10 coupled to the input ends of the signal transmission 
lines LI and L2 in parallel. This arrangement is more 
effective for high-speed operation because electric 
current obtained through charging and discharging of 
the parasitic capacitance of the signal transmission 

15 lines LI and L2 can be supplied. 

FIG. 40 shows impedance matching with the signal 
transmission line in the interface structure shown in 
FIG. 38. For example, when the impedance of the 
signal transmission line is 100 Q , then all the 

20 resistance values are set to 100 □ to achieve highly 
precise signal transmission with less noise. 

FIG. 41 through FIG. 44 show structural examples 
of LD driving unit 170 including the small swing 
differential signal input circuit 160. The structure 

25 of the small swing differential signal input circuit 
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160 is basically the same as that of the small swing 
differential signal output circuit 130, except for 
the supply voltage level. A pair of small swing 
differential signals (non-inverted and inverted small 
5 swing signals) are input to the gates of transistors 
TR1 and TR2 , and a pair of differential signals are 
output between resistor Rl and transistor TR1 and 
between resistor R2 and transistor TR2 . If 
transistors TR1 and TR2 are CMOS transistors, low 

10 voltage differential signaling (LVDS) is carried out. 
If transistor TR1 and TR2 are bipolar transistor, 
emitter coupled logic (ECL) is performed. 

In FIG. 41 and FIG. 42, a voltage to current 
converter 172 is used to drive the semiconductor 

15 laser (LD) 190. One or both of differential signal 

pair S and SB is/are synthesized, and the voltage is 
converted into current to drive the LD 190 with 
electric current. LD 190 of FIG. 41 is a common anode 
LD, and LD 190 of FIG. 42 is a common cathode LD . 

20 In FIG. 43 and FIG. 44, a voltage shift circuit 

174 is used to drive the semiconductor laser (LD) 
with a voltage. In FIG. 43, one of the differential 
signal outputs S and SB is level-shifted by the 
voltage shift circuit 174. The output of the voltage 

25 shift circuit 174 is connected to the gate of the 
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transistor - TR3 in order to drive the LD 190. In FIG. 
44, both of the differential outputs S and SB are 
level-shifted by the voltage shift circuit 174. The 
outputs S ' and SB' of the voltage shift circuit 174 
5 are connected to the gates of transistor TR3 and TR4 , 
respectively, to drive the LD 190. The arrangement 
shown in FIG. 44 can increase the switching rate. 

In FIG. 41 through FIG. 44 supply voltage of the 
small swing differential signal input circuit is set 
10 egual to the LD driving voltage VCC2 . However, 

separate supply voltages may be used as illustrated 
in FIG. 10. 

Next, the second embodiment of the present 
invention is explained with reference to FIG. 45 
15 through 56. In the second embodiment, the swing of 
signal is reduced using a voltage-output circuit. 

FIGs. 45, 46 and 47 illustrate how a small swing 
output is produced at the output stage of the small 
swing differential signal output circuit 130. 
20 Although in FIGs. 45-47 a single inverter is used, 

multiple inverters or a buffer may be used to produce 
a small swing output. 

in the example shown in FIG. 45, voltage V H that 
is lower than the supply voltage VCC is applied to 
25 the supply terminal of the inverter 400 of the output 
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stage, and the ground terminal of the inverter 400 is 
connected to the ground potential GND. The high 
voltage of the output of the inverter 400 becomes V H , 
which is lower than the supply voltage VCC. 
5 Consequently, the swing height is the potential 

difference between V H and GND , which is smaller than 
the potential difference between VCC and GND. This 
arrangement can reduce the output energy and increase 
the switching rate . 

10 In FIG. 46, supply voltage VCC is applied to the 

supply terminal of the inverter 400 of the output 
stage, and voltage V L that is higher than the ground 
potential GND is applied to the ground terminal. The 
low voltage of the output of the inverter 400 becomes 

15 V L , which is higher than the ground potential GND. 
Consequently, the swing height is the potential 
difference between VCC and V L , which is smaller than 
the potential difference between VCC and GND. This 
arrangement can reduce the output energy and increase 

20 the switching rate. 

IN FIG. 47, voltage V H , which is lower than the 
supply voltage VCC, is applied to the supply terminal 
of the inverter 400 of the output stage, and voltage 
V L , which is higher than the ground potential GND, is 

25 applied to the ground terminal of the inverter 400. 
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The high voltage of the output of the inverter 400 
becomes V H that is lower than VCC , and the low voltage 
of the output of the inverter 400 becomes V L that is 
higher than GND. Consequently, the swing height is 
5 reduced to the potential difference between V H and V L . 
This arrangement can reduce the output energy, and 
increase the switching rate. 

To realize the arrangement shown in FIG. 45 
through 47, the LD modulation signal generating unit 

10 120 includes means for producing the high voltage V H 

and the low voltage V L applied to the supply terminal • 
and the ground terminal of the inverter 400. Such 
means for producing V H and V L may be realized using 
the circuit shown in FIG. 25 through FIG. 29 

15 illustrated in the first embodiment. 

In FIG. 25A and 25B, Voltage V H that is lower 
than VCC by the voltage drop of the diode Dl (or 
serially connected diodes Dl and D2) is taken from 
the cathode side of the diode (s) in a stable manner, 

20 as illustrated in the first embodiment. The level of 

V H can be set to a desired level by adjusting the size 
of the diode and the current level of the current 
source (constant current supply) . 

In FIG. 26, voltage V L that is higher than GND by 

25 the voltage drop of the diode Dl (or serially 
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connected diodes Dl and D2) is taken from the anode 
side of the diode (s) in a stable manner, as 
illustrated in the first embodiment. The level of V L 
can be set to a desired level by adjusting the size 
5 of the diode and the current level of the current 
source (constant current supply) . 

In FIG. 27 through FIG. 28, the output of a band 
gap reference (BGR) 430, which is a high-precision 
power supply source, is connected to the input of the 
10 inverting amplifier comprising an operational 

amplifier and two resistors, in order to obtain V H and 
V L : 

FIG. 48 through FIG. 51 show other structural 
examples of the small swing differential signal 

15 output circuit 130 according to the second embodiment. 
In these examples, a modulation signal is 
supplied from the modulation circuit 125 (see FIG. 8) 
to the small swing differential signal output circuit 
130. A non-inverted signal is produced through two 

20 inverters 504 and 505, and the swing of the non- 
inverted signal is reduced by the voltage output 
circuit formed by resistors 512 and 513 serially 
connected between VCC and GND . A non-inverted small 
swing differential signal SI is output between the 

25 resistors 512 and 513. An inverted signal, which is 
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another signal of the differential signal pair, is 
produced through three inverters 501, 502, and 503, 
and the swing of the inverted signal is reduced by 
the voltage output circuit formed by resistors 510 
5 and 511 serially connected between VCC and GND . An 

inverted small swing differential signal S2 is output 
between the resistors 510 and 511. 

As shown in FIG. .4 8, the set of inverters can be 
formed in an integrated circuit. The output of the 

10 three inverters 501 through 503 is supplied via the 
output pin PI of the integrated circuit to the 
voltage output circuit comprising resistors 510 and 
511. Similarly, the output of the two inverters 504 
and 505 is supplied via the output pin P2 of the 

15 integrated circuit to the voltage output circuit 

comprising resistors 512 and 513. By arranging the 
resistors 510 through 513 outside the integrated 
circuit, the resistance values can be set accurately 
with less fluctuation. 

20 By adjusting the size of the transistors (not 

shown) of the last inverters 503 and 505, the ON 
resistance of the transistors can be set to 
appropriate values. Consequently, small swing 
differential signals SI and S2 having desired levels 

25 of high voltage V H and low voltage V L can be obtained. 
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In FIG. 49, a resistor 515 is inserted between 
the output-stage inverter 503 and the output pin PI 
in order to reduce the swing of the output signal . 
Similarly, a resistor 516 is inserted between the 
5 output-stage inverter 505 and the output pin P2 . By 
inserting resistors 515 and 516, the swing of the 
small swing differential signals SI and S2 can be set 
to desired level. 

In FIG 50, swing reducing resistors 517 and 518 

10 connected in series with the output pint PI and P2 , 
respectively, are arranged outside the integrated 
circuit. With this arrangement, the swing height of 
the small swing differential signals SI and S2 can be 
reduced precisely to a desired level by adjusting the 

15 resistance values of the externally arranged 
resistors 517 and 518. 

In' FIG. 51, swing reducing resistors 520 and 522 
are connected in series with the output pins PI and 
P2 , respectively, inside the integrated circuit, and 

20 swing reducing resistors 521 and 523 are connected in 
series with the output pins PI and P2 , respectively, 
outside the integrated circuit, to produce small 
swing differential signals SI and S2 . By adjusting 
the resistance values of the built-in resistors 520 

25 and 522 and the external resistors 521 and 523, the 
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swing of the differential signals can be set to a 
precise swing height. 

The last-stage inverter 503 and 505 may be 
replaced by buffers in the structure shown in FIG. 48 
through FIG . 51 . 

FIG. 52 through FIG. 56 illustrate examples of 
the interface between the small swing differential 
signal output circuit 130 of the LD modulation signal 
generating unit 120 and the small swing differential 
signal input circuit 160 of the LD driving unit 170. 
In these examples, the small swing differential 
signal output circuit 130 is configured to provide an 
output of the inverters 550 and 551 and an output of 
the inverter 552. Resistors 554 and 555 are inserted 
to reduce the swing of the output of the inverters 
and produce small swing differential signals SI and 
S2 . The small swing differential signals SI and S2 
are transmitted through a pair of signal transmission 
lines 530 and 531. 

In the example shown in FIG. 52, a common supply 
voltage VCC is used in the LD modulation signal 
generating unit 120 having the small swing 
differential signal output circuit 130, and in the LD 
driving unit 170 having the small swing differential 
input circuit 160. The small swing differential 
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signal input circuit 160 is formed by, for example, a 
low voltage differential signaling circuit or an 
emitter coupled logic (ECL) circuit shown in FIG. 9B. 

In the example s shown in FIG. 53, a voltage VCC1 
is used in the in the LD modulation signal generating 
unit 120 having the small swing differential signal 
output circuit 130, and a separate voltage VCC2 is 
used in the LD driving unit 170 having the small 
swing differential input circuit 160. VCC1 is set to 
1.8 V, and VCC2 is. set to 5 V. By using separate 
supply voltages, the small swing differential signal 
output circuit 130 can be formed as a high-speed and 
high-density integrated circuit, while a sufficient 
voltage to drive the semiconductor laser (LD) is 
supplied to the LD driving unit 170. The small swing 
differential signal input circuit 160 is formed by, 
for example, a low voltage differential signaling 
circuit or an emitter coupled logic (ECL) circuit 
shown in FIG. 9B. 

In the example shown in FIG. 54, the output ends 
of the signal transmission lines 530 and 531 are 
terminated by a resistor 535, and the differential 
signal output is obtained as current output. By 
terminating the signal transmission lines 530 and 531 
undesirable reflection is prevented, and the waveform 



can be maintained. 

In the example shown in FIG. 55, the output ends 
of the signal transmission lines 530 and 531 are 
terminated by resistor 535, and at the same time, 
another resistor 536 is coupled to the input ends of 
the signal transmission lines 530 and 531 in parallel 
This arrangement is more effective for high-speed 
operation because electric current obtained through 
charging and discharging of the parasitic capacitance 
of the signal transmission lines 530 and 531 can be 
supplied . 

In the example shown in FIG. 56, a voltage 
divider formed by resistors 556 and 557 is inserted 
between resistor 554 and the signal transmission line 
530 to produce a small swing differential output SI. 
Similarly, a voltage divider formed by resistor 558 
and 559 is inserted between resistor 555 and the 
signal transmission line 531 to produce another small 
swing differential output S2 . 

FIG. 57 illustrates an optical writing part of 
the image reproducing apparatus in which the laser 
modulating and driving device 100 described above is 
applied. The image reproducing apparatus includes an 
optical laser scanning system 200, an image 
processing unit 220 formed as a PCB or ASIC, and a 



light source driving unit 230 formed as another PCB 
or ASIC. In the example shown in FIG. 57, the optical 
scanning system 200 is of a single beam scanning type. 
The image processing unit 220 includes a data 
generating unit 105 and an LD modulation signal 
generating unit 120. The data generating unit 105 
includes the pixel data generating unit 110, the 
high-frequency clock generator 140 and the pixel 
clock generator 151 shown in FIG. 12 and FIG. 13. 
Accordingly, the data generating unit 103 produces 
not only pixel data, but also data used to control 
the writing operation. Although not shown in FIG. 57, 
the LD modulation unit 120 includes a modulation 
circuit 125 and a small swing differential signal 
output circuit 130, as illustrated in FIG. 8. 
Although not shown in FIG. 57, the LD driving unit 
170 includes a small swing differential signal input 
circuit 160, as illustrated in FIG. 8. 

A modulated laser beam emitted from the 
semiconductor laser (LD) 201 passes through the 
collimator lens 202 and the cylindrical lens 203, and 
is deflected by the polygonal mirror 204. The 
deflected beam passes, through the f 6 lens 205, and is 
reflected from the mirror 208. The reflected beam 
strikes the photosensitive unit 208 via the toroidal 
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lens 206 to form a latent electrostatic image thereon. 
The writing start position is detected by the 
horizontal synchronization sensor 211 for each scan, 
and the detection result is supplied as a horizontal 
5 sync signal to the data generating unit 105 of the 
image processing unit 220. 

The data generating unit 105 produces pixel click 
in synchronization with the horizontal sync signal. 
The data generating unit 105 also receives image 

10 information read by an image reader or a scanner (not 
shown) , and produces pixel data in synchronization 
with the horizontal sync signal and the pixel clock, 
taking into account the photosensitive characteristic 
of the photosensitive drum 208. The data generating 

15 unit 105 has a counter function for counting in the 
fast scanning direction and the slow scanning 
direction, and produces control signals required for 
the writing operation. 

The LD modulation signal generating unit 120 

20 generates a small swing differential LD modulation 
signal consisting of a non-inverted small swing 
signal and an inverted small swing signal, which is 
transmitted to the LD driving unit 170. The LD 
driving unit 170 produces a laser modulation/driving 

25 signal, based on the small swing differential LD 



-57- 



modulation signal to drive and modulate the output of 
the semiconductor laser (LD) 201. The LD driving unit 
170 also receives the monitoring result of the laser 
output of the semiconductor laser 201, and controls 
5 the current supply to the semiconductor laser 201 so 
as to bring the output of the semiconductor laser 201 
to a prescribed level. 

If the laser modulating and driving device is 
applied to a multi-beam scanning apparatus, a 

10 plurality of LD modulation signal generating units 

120 are provided in the image processing unit 220 in 
order to carry out parallel processing on the pixel 
data of multiple scanning lines supplied from the 
data generating unit 105. In this case, a plurality 

15 of LD driving units 170 are provided in the light 
source driving unit 230 to receive a set of small 
swing differential LD modulation signals from the 
image processing unit 220 and drive the associated 
semiconductor lasers . 

20 FIG. 58 illustrates an example of the multi-beam 

scanning optical system. In this example, two 
semiconductor arrays 301 and 302 are used as the 
light source. Each of the semiconductor arrays is 
formed as, for example, a monolithic semiconductor 

25 laser array 300 shown in FIG. 59. The semiconductor 
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laser array 300 has monolithically formed two light 
sources, which are arranged at a separation "ds" of 
25 Mm in the slow scan direction symmetrically with 
respect to the optical axis of the collimation lens 
5 305 . 

Returning to FIG. 58, two semiconductor arrays 
301 and 302 are arranged with their optical axes 
coincident with the optical axes of the collimation 
lenses 303 and 304, respectively. Each of the 

10 semiconductor arrays 301 and 302 is tilted by 1.5 
degrees, such that the light emitting axes of the 
semiconductor arrays 301 and 302 are symmetrical in 
the fast scan direction and cross each other at a 
reflecting point on the polygonal mirror 307. The 

15 laser beams emitted from the semiconductor laser 

arrays 301 and 302 pass through the cylindrical lens 
308, and are deflected by the polygonal mirror 307. 
The deflected beams are guided onto the 
photosensitive drum 313 through the f 0 lens 310, 

20 mirror 312, and the troidal lens 311. Although not 
shown in FIG. 58, two sets of LD modulation signal 
generating units and the LD driving units are 
prepared . 

The data generating unit 105 of the image 
25 processing unit 220 has a buffer memory (not shown) 
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that stores a line of printing data (pixel data) for 
each of the light sources. The printing data are read 
for each facet of the polygonal mirror 307, and four 
lines of printing data are recorded simultaneously 
5 via the associated LD modulation signal generating 
units and the LD driving units . 

FIG. '60 illustrates the light source unit of the 
multi-beam scanning apparatus . The semiconductor 
arrays 403 and 404 have cylindrical heat sinks 403-1 

10 and 404-1 , respectively, which are fit into holes 

(not shown) formed in the rear face of the base 405. 
The holes for receiving the heat sinks 403-1 and 404- 
1 are inclined by 1.5 degrees in this embodiment. The 
projections 406-1 and 407-1 of pressing pieces 406 

15 and 407 are fit into cutaways (not shown) of the heat 
sinks 403-1 and 404-1 to position the light source. 
The pressing pieces 406 and 407 are fixed by screws 
412 from the rear faces. The positions of the 
collimation lenses 408 and 409 are adjusted in the 

20 half round guide recesses 405-4 and 405-5 formed in 
the base 405 along the optical axis. When the 
collimation lenses 408 and 409 are correctly 
positioned such that the diverging light beams 
emitted form the light sources become parallel light 

25 fluxes, they are bonded to the base 405. 
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In order to allow the laser beams emitted from 
the semiconductor array to cross each other on the 
fast scanning plane, the half round guide recesses 
405-4 and 4-5 are also inclined, like the heat sink 
5 receiving holes . 

The base 405 is held by the holder 410 by the 
engaging section 405-3 and screws 413 inserted via 
the penetrating holes 410-2 and 410-3 in the screwed 
holes 405-6 and 405-7, respectively. Then, the light 
10 source unit is formed. 

The cylindrical projection 410-1 of the holder 

410 is fit into the reference hole 411-1 of the wall 

411 of the optical housing. The stopper 612 is fit 
into the front face 410-4 of the cylindrical 

15 projection with a spring 611 inserted between them. 
In this manner, the holder 410 of the light source 
unit is fixed to the rear face of the wall 411. One 
end 611-2 of the spring 611 is hooked to the 
projection 411-2 of the wall 411, and a rotational 

20 force is produced about the center of the cylindrical 
projection. The rotational force is stopped by an 
adjusting screw (see FIG. 61) so that the entire unit 
rotates about the optical axis by angle 6 . The 
rotation of the unit is adjusted such that the beam 

25 spots of the laser beams are positioned alternately 
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with one line offset from the adjacent beam spots, as 
illustrated in FIG. 62A. Aperture 415 having slits 
corresponding to the semiconductor laser arrays 403 
and 404 is attached to the optical housing to define 
5 the shapes of the laser beams . 

FIG. 61 illustrates another example of the light 
source unit, in which the laser beams from two 
semiconductor laser arrays 603 and 613 are 
synthesized. The semiconductor array 603 and a 

10 collimation lens 605 are held by the first base 601 
to form the first light source. Similarly, the 
semiconductor array 613 and collimation lens 606 are 
held by the second base 602 to form the second light 
source. The first and second bases 601 and 602 are 

15 fit into the holes 607-1 and 607-2 formed in a common 
flange 607, and screwed to the flange 607. An 
adjusting screw 606 is inserted to the second base 
602, and the amount of projection of the adjusting 
screw 606 is adjusted from the rear face to rotate 

20 the arms 602-1 in order to incline only the part 

holding the semiconductor array and the collimation 
lens by angle j3 in the slow scan direction. With this 
arrangement, the beam spots are arranged alternately, 
as illustrated in FIG. 62B. 

25 Prism 608 is formed by a triangular prism and a 
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parallelogrammic prism. The prism 608 reflects each 
laser beam emitted from the second light, source at 
the inclined face 608-1, such that the reflected beam 
exits from the prism 608 in close proximity to the 
laser beam emitted from the first light source, which 
has passed through the beam splitting face 608-2. 
Multiple beams brought close to each other by the 
prism 608 are deflected by the polygonal mirror at 
once, and forms the associated spots on the 
photosensitive drum . 

An aperture 615 is attached to the optical 
housing. Since in this example the beams from the 
semiconductor laser arrays substantially overlap each 
other, a single slit forms the aperture 615. The 
flange 607 is held by the holder 609. The cylindrical 
part 609-1 of the holder 609 is fit into the 
reference hole 610-1 of the wall 610. The entire unit 
is rotated to adjust the tilt of the beam spot line. 

FIG. 63 illustrates another example of the light 
source unit of the multi-beam scanning apparatus, 
using a plurality of four-channel semiconductor 
arrays 801 with four light sources shown in FIG. 64. 
Since the structure of the light source unit shown in 
FIG. 63 is similar to those shown in FIG.. 60 and FIG. 
61, explanation for it is omitted. 
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FIG. 65 illustrates a tandem color image 
reproducing apparatus to which the optical scanning 
apparatus and the laser modulating and driving device 
described above are applied. In FIG. 65, only a 
cross-sectional view in the slow scan direction is 
shown. The beams deflected by the polygonal mirror 

901 are guided to the respective scan lens 902-902''' 
The first beam having passed through the scan lens 

902 is reflected by the mirrors 903 and 904, passes 
through the scan lens 905, is further reflected by 
the mirror 906, and strikes the photosensitive unit 
908 via a semitransparent member 907. A portion of 
the beam is detected by the photodetector 909. The 
other beams follow similar light paths guided by 
-similar optical systems. The latent electrostatic 
images written on the photosensitive units 908-908''' 
are transferred to the intermediate transfer belt 910 

In the example shown in FIG. 65, the polygonal 
mirror 901 is formed by a combination of two polygons 
arranged in the vertical direction, and scanning 
optical systems corresponding to four scanned planes 
are arranged on both sides of the polygonal mirror 
(i.e., the deflecting means) 901 so as to face each 
other. Each of the beams is guided to the associated 
photodetector by a mirror placed outside the 



effective angle of view. A monitor pattern is formed 
on the intermediate transfer belt 910 to measure the 
dot position of each color using multiple sensors 
provided for each scanning optical system. The dot 
position is corrected by adjusting the rotational 
angles 6 and/or & , as shown in FIG. 60 rough FIG. 62, 
to correct moment-to-moment change. 

In the tandem color image reproducing apparatus, 
multiple photosensitive units 908-908' '' are provided, 
each corresponding to one of cyan, magenta, yellow, 
and black. Separate scanning optical paths are formed 
to the associated photosensitive units to form latent 
images on the photosensitive units. Dot offset in the 
fast scan direction on the respective photosensitive 
units is corrected independently. 

Since the image reproducing apparatuses shown in 
FIG. 57 through 63 use the laser modulating and 
driving device that transmits a pair of small swing 
differential signals for pulse-width modulation from 
the LD modulation signal generating unit to the LD 
driving unit, high-speed operation with improved EMI 
characteristic is realized, while maintaining the 
pulse shape of LD modulation signal accurately. 

This patent application is based on and claims 
the benefit of the earlier filing dates of Japanese 
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Patent Applications No. 2003-077457, 2003-077458, and 
2003-077459 filed March 20, 2003, and Japanese Patent 
Application No. 2003-307554 filed August 29, 2003, 
the entire contents of which are hereby incorporated 
by reference . 



